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DESCRIPTION 

OPTICAL TRANSMITTING/RECEIVING MODULE 
Technical Field 

[0001] This invention relates to an optical transmitting and 

5 receiving module for performing transmission and reception of optical 

signals in optical communication, optical information processing, etc. 
Background Art 

[0002] For connecting homes and base stations with optical fibers 
and performing transmission and reception of optical signals, 

10 wavelength division multiplex type optical transmitting and receiving 

modules, using, for example, optical signals of a 1.3pm band for 
uploading and optical signals of a 1.55jim band for downloading, have 
been developed. An example of such an optical transmitting and 
receiving module is disclosed in Japanese Published Unexamined Patent 

15 Application No. HI 1-68705 (Patent Document 1). 

[0003] This optical transmitting and receiving module has a flat 
substrate, and an optical branching waveguide is formed on the flat 
substrate. A groove is provided at a branching portion of the optical 
branching waveguide, and in this groove is disposed a dielectric 

20 multilayer film filter that branches input light into a transmitting 

direction and a reflecting direction according to wavelength. Also, a 
transmitting laser diode and a receiving photodiode are disposed on the 
flat substrate. The transmitting wavelength of the dielectric multilayer 
film filter is set to the received wavelength of the receiving photodiode, 

25 the blocking wavelength is set to the oscillating wavelength of the 

transmitting laser diode, and the transmitting laser diode and the 
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receiving photodiode are disposed at opposite positions across the 
dielectric multilayer film filter. 

Patent Document 1: Japanese Published Unexamined Patent 
Application No. Hll-68705 
5 Disclosure of the Invention 

Problem to be Solved by the Invention 

[0004] With the optical transmitting and receiving module disclosed 
in the above-mentioned Patent Document 1, the transmitting laser diode, 
the dielectric multilayer film filter, and the receiving photodiode are 
10 disposed on a top surface of the flat substrate. Because the receiving 

photodiode must thus be disposed, for example, on a submount that is 
erected on the top surface of the flat substrate, the mounting error is 
large and alignment is difficult. 

[0005] Also, because the transmitting laser diode, the receiving 
1 5 photodiode, and the dielectric multilayer film filter must be disposed on 

the substrate, spatial restrictions are large. Or, to realize a mode in 
which a submount is not provided, for example, a side-illuminated type 
photodiode, etc., has to be used. 

[0006] In particular, because the transmitting laser diode, the 
20 receiving photodiode, and the dielectric multilayer film filter cannot be 

positioned along a straight line due to use of the transmitting and 
reflecting characteristics of the dielectric multilayer film filter, two- 
dimensional spatial restrictions are large. Thus, when these 
components are to be positioned in array form, the area of the flat 
25 substrate has to be made extremely large. 

[0007] Thus, an object of this invention is to provide an optical 
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transmitting and receiving module, with which there is no need to 
provide a submount for disposing a photodiode on a substrate and with 
which spatial restrictions can be made small. 
Means for Solving the Problem 

[0008] In order to achieve the above object, this invention provides 
an optical transmitting and receiving module including: a light 
transmitting substrate, transmitting light of a first wavelength; a laser 
diode, set on the light transmitting substrate and emitting light of a 
second wavelength that differs from the first wavelength; a photodiode, 
mounted on a rear surface side of the light transmitting substrate surface 
on which the laser diode is disposed; a dielectric film filter, reflecting 
light of the first wavelength and transmitting light of the second 
wavelength; and an optical input and output portion, inputting light 
emitted from the laser diode and outputting light to the photodiode; and 
wherein the dielectric film filter is set in an inclined groove, formed at a 
predetermined inclination angle in the light transmitting substrate, so as 
to match optical paths between the photodiode and the optical input and 
output portion and match optical paths between the laser diode and the 
optical input and output portion. 

[0009] With the optical transmitting and receiving module 

according to this invention, a light transmitting substrate is used as the 
substrate, and the photodiode is disposed on the rear surface side of this 
transparent substrate. Light that is emitted from the optical input and 
output portion is reflected by the dielectric film filter set in the inclined 
groove, which is adjusted to be of the predetermined angle, and is 
thereby made to arrive at the photodiode reliably. The light reflected 
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by the dielectric film filter is thus made incident on the photodiode upon 
being transmitted through the light transmitting substrate. Because 
there is thus no need to separately provide a submount for disposing the 
photodiode, mounting errors can be reduced. Also, because all 
elements on the light transmitting substrate can be positioned by 
semiconductor processes, the positional precision can be made high. 
Furthermore, because the photodiode is disposed on the rear surface 
side, spatial restrictions on the light transmitting substrate are relaxed 
accordingly. 

[0010] Here, a mode in which the light transmitting substrate is a 
silicon substrate is possible. 

[0011] As the light transmitting substrate, a silicon substrate with a 
light transmitting property can be used favorably. 

[0012] Also, a mode is possible in which the inclined groove is 
formed by anisotropic etching. 

[0013] By forming the inclined groove by anisotropic etching on 
the light transmitting substrate, the inclined groove can be formed with 
high precision. 

[0014] Furthermore, a mode is possible in which the photodiode is 
positioned directly below a line connecting the laser diode and the 
optical input and output portion. 

[0015] By the photodiode thus being positioned directly below the 
line connecting the laser diode and the optical input and output portion, 
spatial restrictions in planar directions of the light transmitting substrate 
can be relaxed. 

[0016] Also, a mode is possible in which a plurality of sets of the 
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photodiode, die laser diode, and the dielectric film filter are disposed in 
array form. 

[0017] In such a mode in which a plurality of sets of the 
photodiode, the laser diode, and the dielectric film filter are disposed in 
5 array form, by each photodiode being positioned directly below a line 

connecting the corresponding laser diode and optical input and output 
portion, an arrangement that is extremely compact as a whole can be 
realized. 

[0018] Furthermore, a mode is possible in which collimating lenses 
10 are disposed respectively between the dielectric film filter and the laser 

diode and between the dielectric film filter and the optical input and 
output portion. 

[0019] By the collimating lenses being provided, light can be 
reliably transmitted without dispersion between the laser diode and the 
15 optical input and output portion and between the photodiode and the 

optical input and output portion. 

[0020] Also, a mode is possible in which a converging lens that 
converges light onto the photodiode is disposed on a top surface of the 
light transmitting substrate. 
20 [0021] By the converging lens being provided, light can be 

converged onto the photodiode reliably. 

[0022] A mode is possible in which the converging lens is formed 
by ion beam etching. 

[0023] By forming the converging lens by ion beam etching, the 
25 converging lens can be formed with high positional precision. 

[0024] Furthermore, a mode is possible in which the optical input 
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and output portion is a front end portion of an optical fiber or in which 
the optical input and output portion is a front end portion of an optical 
waveguide. 

[0025] The optical input and output portion can thus be arranged as 
5 the front end portion of an optical fiber or the front end portion of an 

optical waveguide. 
Effect of the Invention 

[0026] With this invention, an optical transmitting and receiving 
module, with which there is no need to provide a submount for 
10 disposing a photodiode on a substrate and with which spatial restrictions 

can be made small, can be provided. 
Brief Description of the Drawings 

[0027] FIG. 1 is a perspective view of an optical transmitting and 
receiving module according to a first embodiment of this invention. 
15 FIG. 2 is a sectional view of the optical transmitting and 

receiving module according to the first embodiment of this invention. 

FIG. 3 is a perspective view of an optical transmitting and 
receiving module according to a second embodiment of this invention. 

FIG. 4 shows diagrams of an optical transmitting and receiving 
20 module according to a third embodiment of this invention, with FIG. 

4(a) being a plan view and FIG. 4(b) being a side view. 

FIG. 5 is a sectional side view of an optical transmitting and 
receiving module according to a fourth embodiment of this invention. 

FIG. 6 shows diagrams of an optical transmitting and receiving 
25 module according to a fifth embodiment of this invention, with FIG. 

6(a) being a plan view and FIG. 6(b) being a sectional side view. 
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Description of the Symbols 

[0028] 1 ~5 optical transmitting and receiving module 
10, 40, 50, 70, 80 light transmitting substrate 
11,51 V-groove 
5 12, 52 first lens groove 

13, 41, 53 filter groove 

14, 54 second lens groove 
15,43 mount 

21 optical fiber 
10 22,84 first ball lens 

23, 32, 42 dielectric multilayer film filter 

24 second ball lens 

25 laser diode 

26 photodiode 
15 27 amplifier 

28, 56 wiring substrate 

29, 59, 65 bonding wire 
3 1 convex lens 

57 output bonding pad 
20 58 input bonding pad 

60, 85 fiber ferrule 
6 1 metallized fiber 

62, 87 jacketed fiber 

63, 81 ceramic package 
25 64 input/output pad 

66 electrical input/output terminal 
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67, 82 cap 

71 optical waveguide 

83 lens holder 

88 transparent window 

Best Modes for Carrying Out the Invention 

[0029] Preferred embodiments of this invention shall now be 
described with reference to the drawings. In the respective 
embodiments, portions having the same function may be provided with 
the same symbol and overlapping description may be omitted. 
[0030] FIG. 1 is a perspective view of an optical transmitting and 
receiving module according to a first embodiment of this invention, and 
FIG. 2 is a sectional view of the same. 

[0031] As shown in FIGS. 1 and 2, an optical transmitting and 
receiving module 1 according to the present embodiment is used, for 
example, as a home module for performing optical communication upon 
connection of a home and a base station by an optical fiber and has a 
light transmitting substrate 10. Light transmitting substrate 10 is a 
silicon substrate and transmits light of a 1.55jim wavelength band that is 
used for download traffic. A V-groove 11, a first lens groove 12, a 
filter groove 13, which is an inclined groove of this invention, and a 
second lens groove 14 are formed on a top surface of this light 
transmitting substrate 10, and these components are positioned along a 
straight line. 

[0032] V-groove 11 is formed to extend from an edge of light 
transmitting substrate 10 and in a direction orthogonal to the edge. 
First lens groove 12 is formed so that the center point of first lens 
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groove 12 is positioned along an extension of the center line of V- 
groove 11. Filter groove 13 is formed so that the center point of filter 
groove 13 is positioned further along the extension, and second lens 
groove 14 is formed so that the center point of second lens groove 14 is 
positioned yet further along the extension. 

[0033] A front end portion of an optical fiber 21, which is to be an 
optical input and output portion of this invention, is set in V-groove 1 1 . 
Optical fiber 21 has quartz glass as its main component, and by being 
set in V-groove 11, its center line is matched with the center line of V- 
groove 11. The other end portion of optical fiber 21 is connected to an 
unillustrated optical transmitting and receiving module disposed at the 
base station. 

[0034] A first ball lens 22, which is a collimating lens of this 
invention, is set in first lens groove 12, and first ball lens 22 is adhered 
to substrate 10 by an adhesive agent. First ball lens 22 is formed of 
spherical borosilicate glass, and by being set in first lens groove 12, the 
center of first ball lens 22 is positioned along an optical axis of light that 
enters into or exits from the front end portion of optical fiber 21. Light 
emitted from optical fiber, 21 is made into collimated light by this first 
ball lens 22. As die adhesive agent, an epoxy-based or acrylic-based 
adhesive agent can be used favorably. 

[0035] A dielectric multilayer film filter 23, which is a dielectric 
film filter (wavelength multiplexer/demultiplexer) of this invention, is 
set in filter groove 13, and dielectric multilayer film filter 23 is adhered 
onto substrate 10 by an adhesive agent. Dielectric multilayer film 
filter 23 has wavelength selectivity, and transmits light of a first 
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wavelength, which is of a wavelength band of 1.3jim in the present 
embodiment, and reflects light of a second wavelength, which differs 
from the first wavelength and is of the 1.55jLim wavelength band in the 
present embodiment. As the dielectric film filter, a filter with which a 
dielectric material is formed into a single layer film may be used 
instead. 

[0036] A second ball lens 24, which is a collimating lens of this 
invention, is set in second lens groove 14, and second ball lens 24 is 
adhered to substrate 10 by an adhesive agent. As with first ball lens 
22, second ball lens 24 is formed of borosilicate glass, and by being set 
in second lens groove 14, the center of second ball lens 24 is positioned 
along the optical axis of light that enters into or exits from the optical 
fiber and is transmitted through dielectric multilayer film filter 23 . 
[0037] Furthermore, a mount 15 is installed on the top surface of 
light transmitting substrate 10, and a laser diode 25 is mounted onto 
mount 15. Optical fiber 21 and laser diode 25 are thus disposed at 
opposite positions across dielectric multilayer film filter 23. Laser 
diode 25 emits light of the 1.3|im wavelength band. The light emitted 
from laser diode 25 is made incident onto optical fiber 21 via second 
ball lens 24, dielectric multilayer film filter 23, and first ball lens 22. 
The light emitted from laser diode 25 is made into collimated light by 
second ball lens 24. 

[0038] V-groove 11, first lens groove 12, filter groove 13, and 
second lens groove 14 on the top surface of light transmitting substrate 
10 are respectively formed to be of predetermined angles and depths by 
anisotropic etching. Specifically, the angles and depths are set so that 
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by simply dropping optical fiber 21 , first ball lens 22, dielectric 
multilayer film filter 23, and second ball lens 24 into V-groove 11, first 
lens groove 12, filter groove 13, and second lens groove 14, 
respectively, the optical axes of the light that passes through these 
respective elements are matched. 

[0039] A photodiode 26 is disposed on a rear surface side of light 
transmitting substrate 10. Photodiode 26 is a so-called back- 
illuminated photodiode and a photodetecting surface thereof is 
positioned so as to face the rear surface of light transmitting substrate 
10. This photodiode 26 is positioned at a position at which the light of 
the 1.55fxtn wavelength band that is emitted from optical fiber 21 and is 
reflected by dielectric multilayer film filter 23 arrives. Photodiode 26 
is positioned directly below a line connecting optical fiber 21 and laser 
diode 25, in other words, along a plane that includes this line and 
extends in the thickness direction of light transmitting substrate 10. 
[0040] Filter groove 13, in which dielectric multilayer film filter 23 
is set, is formed in light transmitting substrate 10 with an inclination 
angle 0, shown in FIG. 2, being adjusted to a predetermined angle. 
Specifically, this inclination angle 9 is adjusted to an angle such that 
light emitted from optical fiber 21 is reflected by dielectric multilayer 
film filter 23 and photodiode 26 is positioned in the direction of 
reflection. In the present embodiment, the inclination angle 0 is set to 
54.7 degrees. By dielectric multilayer film filter 23 being set in filter 
groove 13, the optical axes between laser diode 25 and optical fiber 21 
and between photodiode 26 and optical fiber 21 are partially matched. 
[0041] Furthermore, on the rear surface side of light transmitting 
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substrate 10, an amplifier 27 and a wiring substrate 28 are disposed via 
unillustrated pads. Of these, amplifier 27, as with photodiode 26, is 
positioned directly below the line connecting optical fiber 21 and laser 
diode 25. Wiring substrate 28 is made of ceramic material and is 
formed to cover substantially the entire rear surface of light transmitting 
substrate 10 with the exception of photodiode 26 and amplifier 27. 
[0042] As shown in FIG. 2, photodiode 26 is connected via bonding 
wires 29 to metallized patterns MP provided on amplifier 27 and wiring 
substrate 28. Upon receiving light on the photodetecting surface, 
photodiode 26 outputs signals, obtained by electrical conversion of the 
light, to amplifier 27. Amplifier 27 amplifies the electrical signals 
output from photodiode 26 and outputs the amplified signals to wiring 
substrate 28. Among metallized patterns MP on wiring substrate 28, 
there are those that are connected to laser diode 25 via wirings CE, 
which pass through contact holes, and bonding wires 30, etc. 
[00431 Also, a convex lens 31, which is a converging lens of this 
invention, is formed at a position of the top surface of light transmitting 
substrate 10 through which light reflected from dielectric multilayer 
film filter 23 passes. Convex lens 31 converges the light emitted from 
optical fiber 21 and reflected by dielectric multilayer film filter 23 
toward the photodetecting surface of photodiode 26. This convex lens 
31 is formed by ion beam etching. 

[0044] Actions of optical transmitting and receiving module 1 
according to the present embodiment of the above-described 
arrangement shall now be described. 

[0045] In optical transmitting and receiving module 1 according to 
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this embodiment, light of the 1.3pm wavelength band is emitted from 
laser diode 25 based on electrical signals from an unillustrated driving 
circuit. The light emitted from laser diode 25 is made into collimated 
light by second ball lens 24 and reaches dielectric multilayer film filter 
23. Because light of the 1.3|iin wavelength band is transmitted 
through dielectric multilayer film filter 23, the light emitted from laser 
diode 25 reaches first ball lens 22. At first ball lens 22, the collimated 
light is converged toward the front end portion of optical fiber 21 . The 
converged light of the 1.3 pm wavelength band enters optical fiber 21 
and is transmitted as an optical signal to the unillustrated optical 
transmitting and receiving module disposed at the base station. 
[0046] Meanwhile, from the optical transmitting and receiving 
module at the base station, optical signals of light of the 1.55|im 
wavelength band are transmitted toward optical transmitting and 
receiving module 1 for home use via optical fiber 21. The light of 
these optical signals is emitted form the front end portion of optical 
fiber 21. The light emitted from the front end portion of optical fiber 
21 arrives at first ball lens 22. The light emitted from optical fiber 21 
is made into collimated light by first ball lens 22 and reaches dielectric 
multilayer film filter 23. 

[0047] At dielectric multilayer film filter 23, because light of the 
1.55pm wavelength band is reflected, the light emitted from optical 
fiber 21 is reflected. Here, dielectric multilayer film filter 23 is set in 
filter groove 13 that is formed to the predetermined angle. The light 
reflected at dielectric multilayer film filter 23 is thus directed with high 
precision in the direction of convex lens 31, formed on light 
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transmitting substrate 10. At convex lens 31, the collimated light 
reflected by dielectric multilayer film filter 23 is converged. The 
converged light is directed with high precision toward the 
photodetecting surface of photodiode 26. 

[0048] At photodiode 26, the light, converged by convex lens 31, is 
received by the photodetecting surface, and predetermined electrical 
signals are thus output to amplifier 27. At amplifier 27, the electrical 
signals output from photodiode 26 are amplified and output to wiring 
substrate 28. 

[0049] Optical signals that differ in wavelength are thus transmitted 
and received at optical transmitting and receiving module 1 according to 
the present embodiment. Optical transmitting and receiving module 1 
according to this embodiment has laser diode 25, which emits optical 
signals, and photodiode 26, onto which optical signals are made 
incident, and photodiode 26 is disposed on the rear surface side of light 
transmitting substrate 10. Because there is thus no need to separately 
provide a submount, etc., for installing photodiode 26, spatial 
restrictions are lessened accordingly. There is also no need to employ 
a side-illuminated type photodiode, etc. 

[0050] Also, with optical transmitting and receiving module 1 
according to this embodiment, dielectric multilayer film filter 23 is set 
in filter groove 13, and this filter groove 13 is formed by anisotropic 
etching. Because filter groove 13 can thus be formed accurately in 
terms of inclination angle, the light emitted from optical fiber 2 1 can be 
guided precisely to photodiode 26. 

[0051] Furthermore, with optical transmitting and receiving module 
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1 according to this embodiment, V-groove 11, in which optical fiber 21 
is set, and lens grooves 12 and 14, in which ball lenses 22 and 24 are set 
respectively, are also formed to predetermined depths by anisotropic 
etching. Thus, by simply dropping the respective elements, that is, 
optical fiber 21, ball lenses 22 and 24, and dielectric multilayer film 
filter 23, into the corresponding grooves, these elements can be aligned 
precisely. 

[0052] Also, with optical transmitting and receiving module 1 
according to this embodiment, convex lens 3 1 is formed directly on the 
top surface of light transmitting substrate 10 by ion beam etching. A 
converging lens thus does not have to be provided separately on the top 
surface or die rear surface of light transmitting substrate 10. 
Furthermore, with optical transmitting and receiving module 1 
according to this embodiment, photodiode 26 is disposed directly below 
the line connecting optical fiber 21 and laser diode 25. Spatial 
restrictions in planar directions of light transmitting substrate 10 can 
thus be relaxed. 

[0053] A second embodiment of this invention shall now be 
described. An optical transmitting and receiving module according to 
this embodiment is of a so-called array form, in which a plurality, that 
is, three in the present embodiment, of optical fibers are disposed. 
FIG. 3 is a perspective view of the optical transmitting and receiving 
module according to the second embodiment of this invention. 
[0054] As shown in FIG 3, optical transmitting and receiving 
module 2 according to this embodiment has a light transmitting 
substrate 40, formed of a silicon substrate that transmits light of the 
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1 .55|im band. A left V-groove 1 1 A of the same arrangement as that of 
the above-described first embodiment is formed on a top surface of light 
transmitting substrate 40, and a left optical fiber 21 A is set in this left V- 
groove 11 A. A left first lens groove 12A is formed along an extension 
of left V-groove 11 A, and filter groove 41 is formed further along the 
extension. This filter groove 41 is formed so as to extend in a 
direction orthogonal to the direction in which left V-groove 11A 
extends. Along the extension of left V-groove 11 A beyond filter 
groove 41 is formed a left second lens groove 14 A. These respective 
grooves 11 A, 12 A, 41, and 14A are respectively adjusted to be of 
predetermined depths and angles by anisotropic etching. 
[0055] Left optical fiber 21 A is set in left V-groove 11 A and a left 
first ball lens 22 A is set in left first lens groove 12 A. A dielectric 
multilayer film filter 42 is set in filter groove 41, and a left second ball 
lens 24 A is set in left second lens groove 14 A. 

[0056] Furthermore, on the top surface of light transmitting 
substrate 40 along the extension of left V-groove 11A and beyond the 
position at which left second lens groove 14A is formed is disposed a 
mount 43. Mount 43 is formed so as to extend in a direction 
orthogonal to the direction of extension of left V-groove 11 A, and along 
the extension of left V-groove 11 A on mount 43 is mounted a left laser 
diode 25A. 

[0057] Also, at a rear surface side of light transmitting substrate 40, 
left photodiode 26A is mounted. This left photodiode 26A is 
positioned directly below a line connecting left optical fiber 21 A and 
left laser diode 25A. A left amplifier 27A is disposed at a position 
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adjacent to left photodiode 26A. As with left photodiode 26A, left 
amplifier 27 A is also positioned directly below the line connecting left 
optical fiber 21 A and left laser diode 25 A. 

[0058] Furthermore, with light transmitting substrate 40 according 
5 to this embodiment, a middle V-groove 1 IB and a right V-groove 1 1C of 

the same arrangement as left V-groove 11A are formed, and these three 
V-grooves 11 A, 11B, and 11C are separated at equal intervals in the 
direction of an edge of light transmitting substrate 40. A middle first 
lens groove 12B and a middle second lens groove 14B are formed along 
10 the extension of middle V-groove 11B. Also, a right first lens groove 

12C and a right second lens groove 14C are formed along the extension 
of right V-groove 11C. 

[0059] Also, a middle optical fiber 2 IB is set in middle V-groove 
11B, and a right optical fiber 21C is set in right V-groove 11C. A 

15 middle first ball lens 22B is set in middle first lens groove 12B, and a 

right first ball lens 22C is set in right first lens groove 12C. A middle 
second ball lens 24B is set in middle second lens groove 14B, and a 
right second ball lens 24C is set in right second lens groove 14C. 
[0060] Both filter groove 41 and mount 43 extend so as to include 

20 positions from those along the extension of left V-groove 11 A to those 

along the extension of right V-groove 11C. A middle laser diode 25B 
is mounted along the extension of middle V-groove 11B on mount 43, 
and a right laser diode 25C is mounted along the extension of right V- 
groove 11C on mount 43. Also, dielectric multilayer film filter 42 in 

25 filter groove 41 is positioned so as to extend from a position along left 

V-groove 11 A to a position along right V-groove 11C. 
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[0061] Furthermore, a middle photodiode 26B and a right 

photodiode 26C are mounted onto the rear surface side of light 
transmitting substrate 40. Middle photodiode 26B is positioned 
directly below a line connecting middle optical fiber 2 IB and middle 
5 laser diode 25B. A middle amplifier (not shown) is disposed at a 

position adjacent to middle photodiode 26B. As with middle 
photodiode 26B, this middle amplifier is also positioned directly below 
the line connecting middle optical fiber 2 IB and middle laser diode 
25B. 

10 [0062] Right photodiode 26C is positioned directly below a line 

connecting right optical fiber 21 C and right laser diode 25C. A right 
amplifier (not shown) is disposed at a position adjacent to right 
photodiode 26C. As with right photodiode 26C, this right amplifier is 
also positioned directly below the line connecting right optical fiber 21C 

15 and right laser diode 25C. 

[0063] Furthermore, a left convex lens 31A is formed on the top 
surface of light transmitting substrate 40 between left first lens groove 
12A and filter groove 41 and along the extension of left V-groove 11 A. 
Likewise, a middle convex lens 3 IB is formed between middle first lens 

20 groove 12B and filter groove 41 and along the extension of middle V- 

groove 11B, and a right convex lens 31C is formed between right first 
lens groove 12C and filter groove 41 and along the extension of right V- 
groove 11C. All of these convex lenses 31 A to 3 1C are formed by ion 
beam etching. 

25 [0064] Light emitted from left optical fiber 21 A is reflected by 

dielectric multilayer film filter 42, converged by left convex lens 31 A, 
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and made incident on a photodetecting surface of left photodiode 26A. 
Light emitted from middle optical fiber 2 IB is reflected by dielectric 
multilayer film filter 42, converged by middle convex lens 3 IB, and 
made incident on a photodetecting surface of middle photodiode 26B. 
Furthermore, light emitted from right optical fiber 21C is reflected by 
dielectric multilayer film filter 42, converged by right convex lens 31C, 
and made incident on a photodetecting surface of right photodiode 26C. 
[0065] Optical transmitting and receiving module 2 according to 
the present embodiment of the above-described arrangement has laser 
diodes 25Ato 25C that emit optical signals and photodiodes 26Ato 26C 
onto which optical signals are made incident, and as with the above- 
described first embodiment, photodiodes 26A to 26C are disposed on 
the rear surface side of light transmitting substrate 40. Because there 
is thus no need to separately provide submounts, etc., for installing 
photodiodes 26A to 26C, spatial restrictions are lessened accordingly. 
There is also no need to employ side-illuminated type photodiodes, etc. 
[0066] Also, with optical transmitting and receiving module 2 
according to this embodiment, a plurality of optical fibers 21 A to 21C 
are connected and corresponding laser diodes 25 A to 25C and 
photodiodes 26A to 26C are provided. This arrangement is thus 
extremely favorable in that spatial restrictions are lessened. Also, with 
optical transmitting and receiving module 2 according to this 
embodiment, photodiodes 26A to 26C are respectively disposed 
immediately below lines connecting optical fibers 21 A to 2 1C and laser 
diodes 25A to 25C. Spatial restrictions in planar directions of light 
transmitting substrate 40 are thus relaxed, and a mode in which several 
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optical fibers are connected can be realized in optical transmitting 
substrate 40 of small area. 

[0067] Also, because as in the above-described first embodiment, 
filter groove 41 is formed by anisotropic etching, filter groove 41 can be 
formed accurately in terms of inclination angle. The lights emitted 
from optical fibers 21 A to 21C can thus be guided precisely to 
photodiodes 26A to 26C. Furthermore, V-grooves 1 1 A to 1 1 C and lens 
grooves 12A to 12C and 14A to 14C are formed to predetermined 
depths by anisotropic etching. The respective elements, such as optical 
fibers 21 A to 2 1C and ball lenses 22 A to 22C and 24 A to 24C, can thus 
be readily aligned precisely 

[0068] A third embodiment of this invention shall now be 

described. With an optical transmitting and receiving module 
according to this embodiment, a light transmitting substrate is formed so 
as to be incorporated in a package. FIG. 4 shows diagrams of the 
optical transmitting and receiving module according to the third 
embodiment of this invention, with FIG. 4(a) being a plan view and FIG. 
4(b) being a side view. In FIG. 4(a), illustration of a cap is omitted. 
[0069] As shown in FIG. 4, optical transmitting and receiving 
module 3 according to this embodiment has a light transmitting 
substrate 50. As in the above-described first embodiment, light 
transmitting substrate 50 is formed of a silicon substrate and transmits 
light of the 1.55um wavelength band. On a top surface of light 
transmitting substrate 50 is formed a V-groove 5 1 that differs from that 
of the above-described first embodiment in being larger, and a fiber 
ferrule 60 is set on V-groove 51 . A jacketed fiber 62 is connected via a 
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metallized fiber 61 to fiber ferrule 60. Also, a first lens groove 52, a 
filter groove 53, and a second lens groove 54 are formed on the top 
surface of light transmitting substrate 50. A first ball lens 22, which 
differs from that of the first embodiment in just being larger in diameter, 
is set in first lens groove 52. 

[0070] Dielectric multilayer film filter 23 of the same arrangement 
as that of the above-described first embodiment is set in filter groove 
53. Furthermore, a second ball lens 24, which differs from that of the 
first embodiment in just being smaller in diameter, is set in second lens 
groove 54. 

[0071] Furthermore, along an extension of fiber ferrule 60 on the 
top surface of light transmitting substrate 50 is adhered a metallized 
pattern 55, and laser diode 25 is set on metallized pattern 55. With 
optical transmitting and receiving module 3 according to the present 
embodiment, laser diode 25 and second ball lens 24, such that a light 
emitting portion of laser diode 25 is of substantially the same position in 
height as the center of second ball lens 24, are used. 
[0072] On a rear surface side of light transmitting substrate 50, 
photodiode 26 and amplifier 27 are mounted via unillustrated pads. 
Amplifier 27 is mounted at a position adjacent to photodiode 26. 
Photodiode 26 and amp 27 are positioned directly below a line 
connecting fiber ferrule 60 and laser diode 25. Also, a convex lens is 
formed by ion beam etching at a position of the top surface of light 
transmitting substrate 50 through which light reflected from dielectric 
multilayer film filter 23 passes. 

[0073] A ceramic wiring substrate 56 is disposed on the rear surface 
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side of light transmitting substrate 50. Wiring substrate 56 is made 
larger than light transmitting substrate 50 in its size in plan view and has 
through holes formed so as to make a space for photodiode 26 and 
amplifier 27. At positions of the top surface of wiring substrate 56 that 
fall outside the range of the light transmitting substrate are disposed a 
plurality of output bonding pads 57 and input bonding pads 58 as shown 
in FIG. 4(a). 

[0074] Also, on wiring substrate 56 are patterned metallized 
patterns MP that enable power to be supplied to and outputs to be taken 
out from photodiode 26 and amplifier 27. Photodiode 26, which is 
disposed on the rear surface side of light transmitting substrate 50, is 
connected via bonding wires 29 to metallized pattern MP, disposed on 
wiring substrate 56, and amplifier 27. 

[0075] Metallized patterns MP, disposed on the rear surface of 
wiring substrate 56 are connected to output bonding pads 57, disposed 
on top surface end portions of wiring substrate 56, via wirings CE inside 
contact holes. Input bonding pads 58 are connected via bonding wires 
59 to metallized pattern 55 and laser diode 25. 

[0076] Furthermore, light transmitting substrate 50 is housed inside 
a recessed portion of ceramic package 63 that has the recessed portion 
formed at the center. Input and output pads 64 are disposed on a top 
surface of an end portion of ceramic package 63. These input and 
output pads 64 are respectively connected to output bonding pads 57 or 
input bonding pads 58 via bonding wires 65. Electrical input and 
output terminals 66 are respectively mounted onto input and output pads 
64. 
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[0077] Also, an opening above the recessed portion of ceramic 
package 63 is covered by a cap 67. Cap 67 is formed of metal, and 
jacketed fiber 62 is disposed on an outer side of cap 67. Metallized 
fiber 61, which connects jacketed fiber 62 to fiber ferrule 60 disposed 
inside cap 67, is interposed between cap 67 and ceramic package 63. 
By cap 67 and metallized fiber 61 being soldered together at this 
position, the interior of ceramic package 63 is put in an airtight state. 
[0078] A procedure for manufacturing optical transmitting and 
receiving module 3 according to the present embodiment with the above 
arrangement shall now be described. 

[0079] V-groove 51, lens grooves 52 and 54, and filter groove 53 
are formed by anisotropic etching on the top surface of light 
transmitting substrate 50. Metallized pattern 55 is also provided. 
Then on the rear surface of light transmitting substrate 50, a metallized 
mark that is positioned with respect to V-groove 51 on the top surface is 
formed by a semiconductor process, and photodiode 26 is die bonded 
with high precision onto this metallized mark. 

[0080] Amplifier 27 is die bonded onto a position adjacent to 
photodiode 26, and the rear surface of light transmitting substrate 50 is 
die bonded onto wiring substrate 56. The pads of photodiode 26 and 
amplifier 27 are then connected to wiring substrate 56 by bonding wires 
29. 

[0081] Die bonding and adhesion on the top surface of light 
transmitting substrate 50 are then performed. In regard to the die 
bonding and adhesion on the top surface, first, laser diode 25 is die 
bonded accurately onto metallized pattern 55. Ball lenses 22 and 24 
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and dielectric multilayer film filter 23 are then respectively set in lens 
grooves 52 and 54 and filter groove 53. Li this process, each groove is 
used as a guide to set the corresponding element. Ball lenses 22 and 

24 and dielectric multilayer film filter 23 are then respectively adhered 
onto lens grooves 52 and 54 and filter groove 53 by an epoxy-based or 
an acrylic based adhesive agent. 

[0082] Light transmitting substrate 50 is then die bonded along with 
wiring substrate 56 onto ceramic package 63. Terminals of laser diode 

25 are then connected via bonding wires 59 to input bonding pads 58 
disposed on wiring substrate 56, and pads 57 and 58 on wiring substrate 
56 are connected via bonding wires 65 to input and output pads 64 on 
ceramic package 63. 

[0083] Thereafter, metallized fiber 61, having fiber ferrule 60 
mounted onto the front end, is mounted so that fiber ferrule 60 is fitted 
onto V-groove 51 and is fixed by an epoxy-based or acrylic-based 
ultraviolet curing resin. By then soldering metallized fiber 61 onto 
ceramic package 63 and onto cap 67 at the same time, the interior of 
ceramic package 63 is sealed in an airtight manner. Optical 
transmitting and receiving module 3 is manufactured thus. 
[0084] This optical transmitting and receiving module 3 has the 
light transmitting substrate incorporated in a package and, as in the first 
embodiment described above, has laser diode 25 , which emits optical 
signals, and photodiode 26, onto which optical signals are made 
incident, and photodiode 26 is disposed on the rear surface side of light 
transmitting substrate 50. Because there is thus no need to separately 
provide a submount, etc., for installing photodiode 26, spatial 
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restrictions are lessened accordingly. There is also no need to employ 
a side-illuminated type photodiode, etc. 

[0085] Also, because as in the above-described first embodiment, 
filter groove 53 is formed by anisotropic etching, filter groove 53 can be 
formed accurately in terms of inclination angle. Light emitted from 
fiber ferrule 60 can thus be guided precisely to photodiode 26. 
Furthermore, V-groove 51 and lens grooves 52 and 54 are formed to 
predetermined depths by anisotropic etching. The respective elements, 
that is, fiber ferrule 60 and ball lenses 22 and 24, can thus be readily 
aligned precisely. 

[0086] A fourth embodiment of this invention shall now be 
described. An optical transmitting and receiving module according to 
this embodiment mainly differs from the above-described first 
embodiment in that an optical waveguide is formed in place of an 
optical fiber. FIG. 5 is a sectional view of the optical transmitting and 
receiving module according to the fourth embodiment of this invention. 
[0087] As shown in FIG 5, optical transmitting and receiving 
module 4 according to this embodiment has a light transmission 
substrate 70 that is formed of a silicon substrate and transmits light. 
First lens groove 12, filter groove 13, and second lens groove 14 are 
disposed along a straight line on a top surface of light transmitting 
substrate 70. These grooves 12 to 14 are made the same in size as 
those described for the tliird embodiment above. 

[0088] First ball lens 22 is set in first lens groove 12, dielectric 
multilayer film filter 23 is set in filter groove 13, and second ball lens 24 
is set in second lens groove 14. Also, laser diode 25 is disposed along 



25 



FP05-0017-00US-HP 



a straight extension line extending from first lens groove 12 to second 
lens groove 14 on light transmitting substrate 70. In the opposite 
direction of the straight line extending from first lens groove 12 to 
second lens groove 14 on light transmitting substrate 70, an optical 
waveguide 71 is formed along the straight line. Optical waveguide 71 
is formed on light transmitting substrate 70 using polyimide, etc. By 
adjusting the thickness of polyimide, the height of a core portion of 
optical waveguide 7 1 can be adjusted to the height of an optical axis of 
light that passes through first ball lens 22. 

[0089] Furthermore, on a rear surface side of light transmitting 
substrate 70, the same photodiode 26, amplifier 27, and wiring substrate 
28 as those of the above-described first embodiment are positioned in 
the same positional relationship. Also, convex lens 31 is formed at a 
position of light transmitting substrate 70 through which light reflected 
from dielectric multilayer film filter 23 passes. In regard to the other 
points, the same arrangement as that of the above-described first 
embodiment is employed. 

[0090] With optical transmitting and receiving module 4 according 
to the present embodiment of the above arrangement, optical waveguide 
71 is formed in place of an optical fiber, and an optical input and output 
portion makes up a front end portion of optical waveguide 71. As in 
the above-described first embodiment, laser diode 25, which emits 
optical signals, and photodiode 26, onto which optical signals are made 
incident, are provided. Here, photodiode 26 is disposed on the rear 
surface side of light transmitting substrate 70. Because there is thus no 
need to separately provide a submount, etc., for installing photodiode 
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26, spatial restrictions are lessened accordingly. There is also no need 
to employ a side-illuminated type photodiode, etc. 

[0091] Also, because as in the above-described first embodiment, 
filter groove 13 is formed by anisotropic etching, filter groove 13 can be 
formed accurately in terms of inclination angle. Light emitted from 
optical waveguide 71 can thus be guided precisely to photodiode 26. 
Furthermore, lens grooves 12 and 14 are formed to predetermined 
depths by anisotropic etching. Ball lenses 22 and 24 and other 
elements can thus be readily aligned precisely. 

[0092] A fifth embodiment of this invention shall now be described. 
An optical transmitting and receiving module according to this 
embodiment mainly differs from the above-described third embodiment 
in that the optical fiber is of a type that is separated. FIG. 6 shows 
diagrams of the optical transmitting and receiving module according to 
the fifth embodiment of this invention, witii FIG. 6(a) being a plan view 
and FIG. 6(b) being a sectional side view. 

[0093] As shown in FIG. 6, optical transmitting and receiving 
module 5 according to this embodiment has a light transmitting 
substrate 80 that is formed of a silicon substrate and transmits light. 
On a top surface of light transmitting substrate 80 are formed filter 
groove 53 and second lens groove 54. Dielectric multilayer film filter 
23 is set in filter groove 53, and second ball lens 24 is set in second lens 
groove 54. 

[0094] On a rear surface side of light transmitting substrate 80 are 
disposed photodiode 26, amplifier 27, and wiring substrate 56. Light 
transmitting substrate 80 is furthermore housed in a ceramic package 
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81. The interior of ceramic package 81 is sealed in airtight manner by 
a plate-like cap 82. 

[0095] A lens holder 83 is mounted by YAG welding to a side wall 
portion of ceramic package 81. This YAG welding is performed after a 
5 centering procedure. A first ball lens 84 is housed inside lens holder 

83, and fiber ferrule 85 is inserted into lens holder 83. A jacketed fiber 
87 is connected to fiber ferrule 85. 

[0096] Furthermore, a through hole is formed in the side wall 
portion of ceramic package 81, and a transparent window 88 that closes 

10 this through hole is provided. Light emitted from fiber ferrule 85 

reaches dielectric multilayer film filter 23 inside ceramic package 81 via 
first ball lens 84. Light of laser diode 25 that is transmitted through 
dielectric multilayer film filter 23 reaches fiber ferrule 85 via 
transparent window 88 and first ball lens 84. In regard to the other 

15 points, the same arrangement as that of the above-described third 

embodiment is employed. 

[0097] With optical transmitting and receiving module 5 according 
to the present embodiment of the above arrangement, both fiber ferrule 
85 and first ball lens 84 are housed inside lens holder 83, and lens 

20 holder 83 is fixed to the side wall portion of ceramic package 81. As 

in the above-described third embodiment, photodiode 26 is disposed on 
the rear surface side of light transmitting substrate 80 in optical 
transmitting and receiving module 5 according to this embodiment as 
well. Because there is thus no need to separately provide a submount, 

25 etc., for installing photodiode 26, spatial restrictions are lessened 

accordingly. There is also no need to employ a side-illuminated type 
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photodiode, etc. 

[0098] Also, because filter groove 53 is formed by anisotropic 
etching, filter groove 53 can be formed accurately in terms of 
inclination angle. Light emitted through transparent window 88 can 
thus be guided precisely to photodiode 26. Furthermore, lens groove 
54 is formed to a predetermined depth by anisotropic etching. Second 
ball lens 24 and other elements can thus be readily aligned precisely. 
[0099] Furthermore, with optical transmitting and receiving module 
5 according to this embodiment, because a metallized fiber is not used 
as in the optical transmitting and receiving module according to the 
above-described third embodiment, the cost can be reduced accordingly. 
[0100] With optical transmitting and receiving module 5 according 
to this embodiment, because fiber ferrule 85 and first ball lens 84 are 
not set on light transmitting substrate 80, centering must be performed 
separately. However, first ball lens 84 is fixed by a tapered portion 
formed at a front end of lens holder 83 into which fiber ferrule 85 is 
press fitted. The center of fiber ferrule 85 and the center of first ball 
lens 84 can thus be matched precisely. Moreover, because the light 
emitted from first ball lens 84 is collimated light, centering in the optical 
axis direction is unnecessary. Furthermore, the photodiode 26, laser 
diode 25, second ball lens 24, and dielectric multilayer film filter 23 are 
matched precisely in regard to positional relationship. It is thus 
sufficient to perform the centering work only in respect to a direction 
vertical to the optical axis and to perform the alignment only with 
respect to the laser light. 

[0101] Though favorable embodiments of this invention have been 
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described above, this invention is not restricted to the respective above- 
described embodiments. For example, though an optical transmitting 
and receiving module for home use was described with each of the 
embodiments above, the optical transmitting and receiving module 
according to this invention can also be used as an optical transmitting 
and receiving module for a base station. In this case, the laser diode 
emits light of the 1.55|im band, and the dielectric film filter transmits 
light of the 1.55fim wavelength band and reflects light of the 1.3 pm 
wavelength band. Also, though in each of the embodiments above, a 
back-illuminated photodiode is used as the photodiode, a front- 
illuminated photodiode may be used instead. Furthermore, though a 
silicon substrate is used as the light transmitting substrate in each of the 
embodiments above, for example, a glass substrate that transmits light 
may be used instead. In using a glass substrate, the respective grooves 
can be formed, for example, by processing by numerically controlled 
machine tool. 
Industrial Applicability 

[0102] This invention can be used in an optical transmitting and 
receiving module for performing transmission and reception of optical 
signals in optical communication, optical information processing, etc. 
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